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Abstract Fixc isomeric epox~hydrox.',ene and epoxyoxoene fatt~ esters deri',ed from hemolytic de- 
composition of linoleic acid hydroperoxide were tested for mt, tagenicity by the "Ames" top-agar incor- 
poration method using s-9 mix derixed from livers of male rats pretrcated with Aroclor 1254. The 
cpoxidc fair.,, esters tested methyl trans-12.13-cpoxy-erythro-II-hydrox)-ciqtranq-9-octadcccnoate and 
methyl trwr,,- 12.13-cpox.',-threo- I 1 -hydrox', -ci.sl transl-9-octadeccnc~ate leach composed o[ approximatcl.', 
SO",, cis-9-ene al~d 20"<> tron.~-t)-enel, methyl trtlns-12, lY-epox.',-tl-oxo-/r~in.s-II)-Ocladcceiloat¢, methyl 
trans- 12.13-epox)-9-h.x droxy-tran.> I O-octadecenoate and meth', I (-is- 12.13-epoxy-9-oxo-tran.s- I O-octade- 
celloate had strtictural characteristics similar to certain potent nltllageils. Ilov,.evcr. these esters v, erc 
not mutagenic in Sal,rmelhl typhi,luriu,1 strains FAI00. IA98 or TAI537 at concentrations tip to 
2000/ig.test plate. Under the same test conditions, the meth.',l ester of hydroperoxy linoleic acid. from 
which these epoxides ,.,.ere derl,.ed, was weakly, mutagenic m strata TAItR) and possibl', also m strain 
"FA'-)S. 

In l"rot ) t  (-eton 

Epoxidcs are produced as secondary products of lipid 
oxidation, and some of these fatty epoxides are ,,icinal 
to hydroxyl and oletinic groups. Such highly substi- 
tuted [)arty cpoxides comp,ise an important  group of 
compounds  found in autoxidat ion mixtures as well as 
in biological systems (Gardner.  1980). Epoxidcs as a 
class are potential  alkylating agents and some are 
known to be mutagenic (Andersen. Kiel, Larsen & 
Maxild. 1978: Greene. Friedman. Shcrrod & Salerno, 
1979: Ortiz de Montel lano & Boparai. 1978: Thomp-  
son. ( 'oppinger.  Piper et al. 1981 : Voogd. van dcr Stel 
& Jacobs. 1981: Wade. Airy & Smsheimer. 1978- 
Wade. Meyer  & Hine. 1979). The possibility thal fatty 
epoxides may also be mutagenic has been suggeste~.t 
bv Mead (19,R0f Mulagenic  epoxides arc often acti- 
vated in a wa,, that tacilitatcs reaction with a base- 
pair rcsiduc of I)NA. usually through nucleophilic 
attack on the cpoxidc. Among the known cxamples of 

*Presented at a workshop on "'Lipid ()xidation. X"itamin l!. 
Selenmna and Carcinogenesis" sponsored by the 
National Cancer Institute and hekt at Rock,.'llle. MD. 
on 15 16 September I?S0. 

+lhe i l lenl ioi1 o f  con lpa l l }  i laines or trade products  does 
not iinpl) that they are endorsed by the {.IS l)epart- 
most of Agriculture o'.er other firms or similar 
products not mentioned. 

4bhretiations: I)MSO ~ I)imeth,,lsulplloxide; HPL(" ~- 
high-prcsst, rc liquid chromatography: NMR = nuclear 
magnetic resonance: TLC = thin-layer chromatog- 
raph~. 

such t ransformations are reactions of the guanine 
base pair with benzo[aJpyrene-7 .8-d ihydrodio l -9 ,10-  
oxide (Jeffrey. Jcnnette. Blobstein c t a l .  1976b), with 
7,12-dimcthylbenz[a ]anthracene-5.6-oxide (Jeffrey, 
Blobstein. Weinstem et al. 1976a) and with the puta- 
tive 2,3-oxide of aflatoxin B~ arising from metabolic 
activation of aflatoxm B~ 0dssigmann. Croy, Nadzan 
et ul. 1977~. Such mutagenic epoxides are character-  
ized by vicinal substi tuent groupIsl, which presumably' 
cause the epoxide to be electron deficient and thus 
rnore susceptible to nucleophilic attack. 

In this comrmliaicalion we demonstrate  that several 
epoxides derived from the decomposit ion of linoleic 
acid hydroperoxidc are not mutagenic an dctcrmincd 
by the method dcscribed by Ames. McCatm & Yama- 
saki t19751. 

EXpERI~IEN'I ' .~I.  

Preparation o f  epo \ ide  fat ty  e,sters. Epoxide fatty 
esters were produced by radical decomposit ion of 
13-hydroperoxy-cLs-9-tran,~- 11 -octadecadienoic acid 
(linoleic acid hydroperoxide) followed by methyl es- 
teritication of tile epoxide fatty acid formed. The 
mechanisms of formation of these compourids are dis- 
cussed m detail elsewhere {Gardner & Jursmic. 1981: 
Ga.rdner & Kleiman, 1981 I. Two separate procedures 
were u ~ d  to produce the fatty ester epoxides and five 
of the major products were isolated for mutagenieity 
testing. 

In the first preparation procedure. 470 mg 13-hydro- 
peroxy-ci.s-9-trun.s-ll-octadecadienoic acid [99 + '!, 
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pt, re) was prepared by soya lipoxygenase (E(" 
1.13.11.121 oxidation of linoleic acid (Gardner. 19751 
for homol3tic decomposition with a cysteine-FcCl 3 
catal3st (Gardner & Jursinic. 1981 ). The following iso- 
meric cpoxidc fatt', methyl esters with the epoxide 
located exclusively at thc 12,13-carbons (Fig. 1) werc 
isolated as dcscrihcd by Gardner & Kleiman (1981): 
meth31 trans-12.13-epoxy-erythro-11 -hydroxy-cis 
(transl-O-octadccenoate (I). methyl trans- 12,13-epoxy- 
threo-I 1 -h3.droxy-ci.s (tran.sJ-9-octadeccnoatc (IlL 
meth,, I tram,- 12.13-epoxy-9-oxo-trans- I 0-octadece- 
no~ltc (lII). meth31 tran.s-12.13-cpoxy-9-hydroxy- 
trun.s-10-octadccenoate (IV) and methyl ciu-12.13- 
epoxy-9-oxo-tran.s-10-octadecenoatc (V). Compounds 
I and II were approximately 80°,, ci,s-9-ene and 2()"~, 
trun~-9-enc. Because product IV was largely lost by 
solvolysis, this compound was obtained by reduction 
of zt portion of I by NaBH4 in methanol at 0 C. The 
reduced ester was cxtracted from the reaction mixture 
into ( 'HCI 3 by addition of CHCI 3 and water to form 
the mixture CHCI3 C H 3 O H - H 2 0 .  2:1:1 (by vol.). 
Preparative TLC using hexane--ether, I:1 (v::v) was 
used to purify the reduced ester. The purity of the 
isolated esters was assessed by analytical TLC. and 
the identity was confirmed by NMR and optical rota- 
tor~ dispersion. 

With the second isolation procedure, larger quanti- 
ties of epoxide esters were obtained from 1.9 g linoleic 
acid hydroperoxide, as de~ribed by Gardner & 
Crawford (1981~. Since the hydroperoxide was corn- 

OH 
x 

'OCH3 
OH 

0 0 

]]] ~ O C H 3  

OH 0 

]~ ~ O C H 3  

9 ~ OCH3 

0 0 
Fig. 1. Structures of fatty ester epoxides tested: (11 methyl 
tran.s- 12.13-cpox~-erythro- I 1 -h ydrox y-cis( trans)-9-oetadece- 
noate : tII J methyl trans- 12.13-epoxy-threo- 1 l-hydroxy-cis- 
( trans)-9-octadeecnoatc : (I I I ) methyl trans- 12.13-epoxy-9- 
oxo-traus- 10-octadccenoatc : (IV) methyl trans- 12,13-epoxy- 
9-hydroxy-trans-10-octadccenoate: (VI methyl cis-12.13- 
cpoxy-9-oxo-tran~-10-octadcccnoate. Compounds 1 and 11 
were each approximatel.~ 80", ci.s-9-ene and 20°,, trans.9- 
ene (thc lattcr structure is not shownl. Because the epox- 
ides v.erc derived from homol)tic decomposition of the 
so',a lipox~genasc-produced 13-h',dropcroxidc of lmolcic 

acid, the 13-carbon of tile epoxide was chiral as shown. 

posed of a mixture of 85". 13-hydroperoxy-9,11-octa- 
decadienoic acid and 15 °,, 9-hydroperoxy- 10.12-octa- 
decadienoic acid. the epoxide position of the esleritied 
products reflected the same ratio. Thus compot,nd I[1 
consisted of 85". methyl trans-12.13-epoxy-9-oxo- 
tran.~-IO-octadecenoate and 15". methyl tran.s-9.10- 
epoxy- 13-oxo-trans-1 I-octadecenoate. These pos- 
itional isomers, which difl~er only in the way the func- 
tional groups are situated in relation to the fair.,, acid 
carbon chain, are so similar in their chemical and 
physical properties that they were not completely 
separable by chromatography. Therefore each lkltt~. 
ester epoxide was isolated as an 85:15 mixtt, re. The 
esters prepared in this way were purified by column 
chromatography followed by HPLC. using the pro- 
cedure previously reported by Gardner & Crawford 
(1981L Portions (15-20 rag) of epoxyhydroxyene and 
epoxyoxoene esters were purilied by HPLC with 6 
and 4'~i, acetone in hexane, respectively. After HPLC 
separation, the isolates were washed according to the 
procedure of Folch, Lees & Sloane Stanley (1957]. 
Compound IV was prepared as described above. 
Fractions that contained minor impurities, as assessed 
by analytical TLC, were purified further on prepara- 
tive TLC plates developed in hexane--ether, 3:2 (v:v). 

Mutagen ic i t y  tests. Quantitative plate tests using 
the top agar overlay technique described by Ames et 
al. (19751 were used. Three hislidine-dependcnt 
mutants of Salmonella t jph imur ium (TA 100, TA98 and 
TA1537), obtained from Professor B. N. Ames. served 
as test strains. The S-9 microsomal fraction was pre- 
pared from Aroclor 1254-induced male rat liver as 
described by Ames et al. 11975) and was used at a 
level of 100/H S-9.ml of S-9 mix. Test materials (com- 
pounds I-V above and the methyl ester of 13-hydro- 
peroxy-c i . s -9- t rans- l l -oc tadecadienoic  acid) were dis- 
solved in dimethylsulphoxide (DMSO) and were 
added to top agar in a volume of 0.1 ml. Revertants 
obtained were confirmed b', subculturing on histidine- 
free media. 

Stabi l i ty  study. To confirm the stabilit,, o[' the epox- 
ide fatty esters m DMSO. unused portions of the 
DMSO solutions used for the mutagenicity tests were 
stored at -- 10 (" for 2 months and then extracted lot 
analysis. One part I)MS() solution was added to 20 
parts CHCI3-CH3OH-He() ,  2 : l :1  (by ~o1.1 and the 
CHCI 3 layer containing the test epoxide was washcd 
three times with water prior to analysis by TLC and 
NMR. The epoxidc fatty esters recovered in tiffs way 
were found to be unchanged 

R E.';I." 1.1 S 

Thc epoxidc fatty esters were not mutagenic to the 
histidine-dcpendent Salmonella typhimurium strains 
used in the test (Table 1). The number of revertants 
per plate was not significantly greater than the con- 
trol even when tile epoxide fatty esters were tested at 
the 2000-/Lg level. Since there were no significant dif- 
ferences in the results regardless of the method used 
to obtain the fatty esters, test results obtained with 
compounds from both of the isolation procedures are 
included in Table 1. The pure positional isomers were 
tested up to the 1000-1~g.plate level, except for com- 
pounds I and V which were assessed up to 5(X)itg. 
plate. The material isolated frorn the large-seale prep- 
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aration, which contained the mixed positional 
isomers, was used for the 2(X)0-/~g/plate tests as well 
as for the lower levels. 

At the higher dose levels, the growth of the back- 
ground lawn that subsists on the traces of histidme 
included in the media was inhibited m some cases, as 
indicated in Tables 1 and 2. Methyl trans-12,13- 
cpox,~-9-hydroxy-tran~-10-octadecenoate and methyl 
13-hydroperoxy-cis-9.trans-1 l-octadecadienoate were 
the most inhibitory. Of the five epoxy esters tested, 
the 12,13-epoxy-9-hydroxy-10-ene fatty ester (IV) was 
the most susceptible to solvolysis and NIH shift reac- 
tions of the epoxide (Gardner & Kleiman. 19791. 

In contrast to the results with the epoxy fatty esters. 
the hydroperoxide itself, methyl 13-hydropcroxy- 
ci~-9,trans-ll-octadecadienoate, was not only' toxic to 
Salmonella but also weakly mutagenic (Table 2t. 

Although the epoxide fatty esters in this study were 
readil3 solubilized by DMSO and did not appear to 
separate into globules in the overlay, wc tested the 
esters after sonication with Tween 20 according to 
Yamaguchi & Yamashita (1979). The results we 
obtained after sonication (data not shown) were simi- 
lar to results using DMSO solubilization. On the 
other hand, methyl 13-hydropcroxy-cis-9.trans-ll- 
ocladecadienoate did form small globules within the 
agar overlay when DMSO solutions were used at the 
higher dose levels. However. sonication of the hydro- 
peroxide with Tween 20 did not yield reversion rates 
significantly different from those obtained by appli- 
cation of the sample dissolved in DMSO. 

DIS( LSSION 

Although epoxidcs are known alkylating agents 
and many are potent mutagens, the lack of mutagenic 
effect with the epoxide fatty esters tested in this study 
is not inconsistent with previous published reports on 
structurally related compounds. These epoxy fatty 
esters possess two structural features reported to be 
associated with lack of mutagenicily. The first is 
1.2-disubslitution. which generally results in markedly 
reduced mutagenicity compared with that of com- 
pounds with tile epoxy group in the (o position of an 
alkyl chain (Ivie, MacGregor & Hammock. 1980; 
Voogd et al. 1981: Wade et al. 1978). The epoxide 
fatty esters studied here belong to this class of hin- 
dered epoxide. When mutagenicity of 1,2-disubsti- 
tuted compounds has been reported, the substituent 
groups have generally been strongly electron-with- 
dra~sing. Secondl',, systematic studies of mutagenic- 
ally active epoxides of increasing chain length indi- 
cate that mutagenic activity' drops dramatically when 
the carbon chain exceeds 4-6 carbons (Thompson et 
al. 19gl: Voogd et aL 1981). presumably because of 
factors such as solubility and cell penetration. This 
effect of chain length appears to affect genetic activity 
similarly both m Salmonella and in mammalian, in- 
cluding human, cells (Thompson et al. 1981). Our 
results, while not constituting a truly comprehensive 
study of the potential genotoxicity of fatty epoxides, 
suggest that the genotoxic potential of these com- 
pounds may be minimal. The reactivity of compound 
IV (the 12,13-epox).-9-hbdroxy-10-ene fattv cster), as 
evidenced b3 its susceptibility' to solvolysis, presum- 
abl3 stems from the instability of the all vlic cpoxide. 
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Because (11 the susceptibility of this epoxide to nucleo- 
philic attack, it would probably be the most highly 
suspect as a tnutagen and. particularly in ,,'ie~ of the 
toxicity observed, further studies of this competed  m 
other test systems would be of mtercst. 

Unlike the epoxide esters tested, methyl linoleate 
h.~droperoxide exhibited weak tnutagenicity under the 
conditions we u.~d. Lipid hydroperoxides are the 
primary products of lipid oxidation, and ita turn the 
precursors of fatty epoxides. Recently. Yatnaguchi & 
Yamashita 119801 also obtained a weak mutagenic re- 
sponse ~ith isolated hydroperoxides of meth.,,I lin- 
oleatc and Iinolcnate ushlg thc method of Aines el a/. 
(1975 I. I t cannot  be established with certaint)  whether 
these results s temmed from the hydroperoxide itself 
or a decomposit ion product  generated during the 
course of incubatiorl with Salmonella. However two 
lines of evidence suggcstcd that the response was due 
to the hydroperoxidc group rather  than to secondary 
products of hydroperoxide decomposit ion:  (al at simi- 
lar inutagenic response was obmr~ed with two other 
hydropcroxides, t e r t -bu t y lhydroperox idc  and cumene 
hydroperoxide, but not with peroxides, peracids and 
H2Oz {Yamaguchi & Yamashita.  19801: {bY the mttta- 
genie ell;cot of autoxidized linolenic acid correlated 
with the pcroxidc value of the mixture (Yamaguchi & 
Yamashita.  1979k It is. of course, possible that both 
these resuhs and our own could be due to decompo- 
sition products generated during the course of the 
mutagenicity assay. On the other hand, Scheutv,'inkel- 
Reich, Ingerowski & Stan (198{/t were unable to ob- 
serve mutagenic activity for linoleic acid hydroperox- 
idc. These workers did not use tire saint  procedures 
for solubilizmg the hydropcroxide as were used by 
Yamaguchi & Yamashi ta  (19791. whose study mdi- 
catcd that the method of solubilizing test lipids could 
atl;,:ct the rcxcrsion rate of Sahnonella strains. They 
reported lhat autoxidized lmolcnic acid did not elicil 
increased rcxersion rates unless the fatty acid was 
sonicated with either detergent or p r o t e m  ttowever, 
we wcrc able to observe a weak response without the 
use of special sohtbilization lechniqt, es. It is note- 
worlhv also that lmoleate hydroperoxides have been 
reported to haxe both  toxic effects (Holman & Green- 
berg, 1958t atld rcproductivc effects (Cutler & 
Schneider. 1973i m test animals. 

While the mutagcnicity of lipid hydropcroxides 
may be duc to initiation of free radical chams, which 
then cause Iormation of I)NA radicals IFukuzumi. 
1978: Pictronigro. Scligman. Jones & Demopoulos,  
1976). the possibility that latly hydropcroxides may 
mitiate free-radical oxidation of endogenously present 
carcinogens to lhe ullimate "'active" form is suggested 
by the rcst.lts of Floyd. Soong, Walker & Stuart 
119761 and l)ix & Marncl t  <1981). For example, the 
latter authors  have shown that the radical reactions 
leading to fatty epoxide formation may be responsible 
R~r activation of 7,8-dihydroxy-7.8-dihydrobenzola]-  
pyrene to the mutagcnic 7.8-dihydroxy-9,10-epoxy- 
7,8.9,10-tetrahydroberlzo[a]pvrer~e. Although fatly 
epoxidcs arc also among the end products  by this 
mechanism, they probably have no mutagenic role per 
.w. Inasmuch as lipid hydroperoxides may cause car- 
cmogen actixation, this illustrates the necessity of 
considermg indirect pathways that may activate 
secotldarv cellular consl i tuenls  to a mutagenic deriva- 

tire. Whether lipid oxidation products play a causal 
role in cancer initiation (or promotionl cannot be 
answered without much additional research. 
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